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Abstract: 16 
The mineral olshanskyite is one of many calcium borate minerals which have never been 17 
studied using vibrational spectroscopy.  The mineral is unstable and decomposes upon 18 
exposure to an electron beam.  This makes the elemental analysis using EDX techniques 19 
difficult. Both the Raman and infrared spectra show complexity due to the complexity on the 20 
structure.   Intense Raman bands are found at 989, 1003, 1025 and 1069 cm-1 with a shoulder 21 
at 961 cm-1 are assigned to trigonal borate units.  The Raman bands at 1141, 1206 and 1365 22 
cm-1 are assigned to OH in-plane bending of BOH units.  A series of Raman bands are 23 
observed in the 2900 to 3621 cm-1 spectral range and are assigned to the stretching vibrations 24 
of OH and water. This complexity is also reflected in the infrared spectra.  Vibrational 25 
spectroscopy enables aspects of the structure of olshanskyite to be elucidated. 26 
 27 
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Introduction 30 
The mineral olshanskyite Ca3[B(OH)4]4(OH)2 is one of a significant number of calcium 31 
borate minerals (Bogomolov et al. 1969; Callegari et al. 2001).  Many of these minerals are 32 
both hydroxylated and/or hydrated or both. These hydroxylated minerals include 33 
alfredstelznerite Ca4(H2O)[B4O4(OH)6]4(H2O)15, fabianite CaB3O5OH, frovolite 34 
Ca[B(OH)4]2, jarandolite  Ca[B3O4(OH)3, shimazakiite Ca2B2xO5-3x(OH)3x, sibirskite 35 
Ca2(HB2O5)(OH), uralborite  Ca2[B3O3(OH)5·OB(OH)3 and vimsite CaB2O2(OH)4.  36 
Olshanskyite is an anhydrous borate mineral. There is no doubt in the fullness of time, more 37 
hydroxylated calcium borate minerals will be discovered.  There are some 16 other hydrated 38 
hydroxylated calcium borate minerals. Many of these minerals are found in similar locations 39 
(Kusachi and Henmi 1994; Kusachi et al. 1995a; Kusachi et al. 1995b; Kusachi et al. 1997; 40 
Kusachi et al. 1998; Kusachi et al. 1999). Any vibrational spectroscopic characterisation of 41 
these minerals is lacking. 42 
 43 
There is an apparent discrepancy among the published data of the formula of olshanskyite 44 
(Callegari et al. 2001). The apparent discrepancies between the unit-cell parameters and the 45 
formula unit of olshanskyite resulting from the present research (Callegari et al. 2001) and 46 
those previously determined are attributed to two alternative interpretations of the same 47 
chemical and X-ray powder diffraction data [1].  Olshanskyite must be classified as a neso-48 
triborate [2], and its structure is based on finite borate clusters. Such structural implications 49 
should have an influence on the vibrational spectra of olshanskyite; the spectrum will be 50 
dominated by trigonal borate.    51 
 52 
Olshanskyite is triclinic (Callegari et al. 2001), with a = 7.953(4) Å, b = 9.873(9) Å, c = 53 
7.362 (6) Å, α = 111.00(7)°, β = 94.65(7)°, γ = 107.53(7)°, and space group P1̅, with Z = 2.  54 
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According to Callegari et al. the anionic group in the structure is a three-membered ring of 55 
boron–oxygen tetrahedra [B3O3(OH)6]3−. Two independent calcium atoms occur in a 56 
distorted square-antiprism coordination with five oxygen atoms from the borate group and 57 
three hydroxyl or H2O groups external to the borate cluster.  58 
 59 
Vibrational spectroscopy has been applied to borate glasses (Ardelean and Cora 2008; 60 
Ardelean and Cora 2010; Ardelean and Griguta 2007; Ardelean and Timar 2008). There have 61 
been a number of studies of borate glasses doped with a wide range of radioactive atoms (El-62 
Batal et al.  2009; El-Batal and Hamdy 2008). Borate glasses are used as a means of 63 
containment of radioactive materials.  There have been a number of studies looking at the 64 
effect of radiation on borate glasses (Rajyasree et al. 2011; Sumalatha et al. 2011). If there is 65 
to be an understanding of borate glasses and their role in radioactive element containment, 66 
then an understanding of the vibrational spectroscopy of borate minerals needs to be 67 
undertaken. The number of vibrational spectroscopic studies of borate minerals is quite few 68 
and far between (Mir et al. 2006; Mitov et al. 1998; Povarennykh and Nefedov 1971; Suknev 69 
and Diman 1969). The number of Raman studies of borate minerals is also very limited (Ross 70 
and Edwards 1967; Frost 2011).  There have been a number of infrared studies of some 71 
natural borates (Akhmanova 1962; Long and Bailey 1963; Vasko and Srb 1967; Weir 1966). 72 
Most of these references are not new and there have been no recent studies on the vibrational 73 
spectroscopy of natural borates.  Ross in Farmer’s treatise reported the infrared spectra of 74 
several borate minerals (Farmer 1974). The use of infrared spectroscopy is limited by the 75 
spatial resolution of the technique which is around 25 microns. In comparison, the spatial 76 
resolution using Raman spectroscopy is 1 micron. Thus, when studying a mineral using 77 
spectroscopic techniques it is advantageous to use Raman spectroscopy. The selection of the 78 
target mineral is more easily made. With infrared spectroscopy, any impurities will be 79 
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measured as well as the target mineral. Yet, there remains the issue of the vibrational 80 
spectroscopic study of natural borate minerals. In this research our objective is to study the 81 
Raman and infrared spectra of the mineral olshanskyite and relate the spectra to the structure 82 
of the mineral. 83 
 84 
Experimental 85 
Samples description and preparation 86 
The olshanskyite sample studied in this work was obtained from the collection of the 87 
Geology Department of the Federal University of Ouro Preto, Minas Gerais, Brazil, with 88 
sample code SAA-122. The sample is from the Fuka mine, located in the Okayama 89 
Prefecture, Japan. The studied sample occurs as a massive aggregate of millimetric fibrous 90 
crystals in association with deep blue crystals of henmilite [Ca2CuB2(OH)12]. The sample was 91 
gently crushed and the associated minerals were removed under a stereomicroscope Leica 92 
MZ4. The olshanskyite sample was phase analysed by X-ray diffraction. Scanning electron 93 
microscopy (SEM) was used to study the morphology of the mineral. 94 
 95 
Raman spectroscopy 96 
Crystals of olshanskyite were placed on a polished metal surface on the stage of an Olympus 97 
BHSM microscope, which is equipped with 10x, 20x, and 50x objectives. The microscope is 98 
part of a Renishaw 1000 Raman microscope system, which also includes a monochromator, a 99 
filter system and a CCD detector (1024 pixels). The Raman spectra were excited by a 100 
Spectra-Physics model 127 He-Ne laser producing highly polarised light at 633 nm and 101 
collected at a nominal resolution of 2 cm-1 and a precision of ± 1 cm-1 in the range between 102 
200 and 4000 cm-1. Repeated acquisitions on the crystals using the highest magnification 103 
(50x) were accumulated to improve the signal to noise ratio of the spectra. Raman Spectra 104 
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were calibrated using the 520.5 cm-1 line of a silicon wafer.  The Raman spectrum of at least 105 
10 crystals was collected to ensure the consistency of the spectra.   106 
 107 
Infrared spectroscopy 108 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer with a smart 109 
endurance single bounce diamond ATR cell. Spectra over the 4000525 cm-1 range were 110 
obtained by the co-addition of 128 scans with a resolution of 4 cm-1 and a mirror velocity of 111 
0.6329 cm/s. Spectra were co-added to improve the signal to noise ratio.   112 
 113 
Spectral manipulation such as baseline correction/adjustment and smoothing were performed 114 
using the Spectracalc software package GRAMS (Galactic Industries Corporation, NH, 115 
USA). Band component analysis was undertaken using the Jandel ‘Peakfit’ software package 116 
that enabled the type of fitting function to be selected and allows specific parameters to be 117 
fixed or varied accordingly. Band fitting was done using a Lorentzian-Gaussian cross-product 118 
function with the minimum number of component bands used for the fitting process. The 119 
Gaussian-Lorentzian ratio was maintained at values greater than 0.7 and fitting was 120 
undertaken until reproducible results were obtained with squared correlations of r2 greater 121 
than 0.995.  122 
 123 
Results and Discussion 124 
The Raman spectrum of olshanskyite in the 100 to 4000 cm-1 spectral range is displayed in 125 
Figure 1a. This figure shows the position of the Raman bands and their relative intensities. It 126 
is noted that there are parts of the spectrum where no intensity or minimal intensity is 127 
observed. Therefore, the spectrum is subdivided into sections based upon the particular type 128 
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of vibration being observed.   The infrared spectrum over the 500 to 4000 cm-1 spectral range 129 
is shown in Figure 1b.  The technique being used to collect the infrared spectrum is single 130 
bounce ATR. The ATR cell absorbs all radiation below 500 cm-1, and therefore the spectrum 131 
starts at 500 cm-1.  The position and relative intensities of the bands in Figure 1b may be 132 
readily observed.  The IR spectrum may be subdivided into sections in a similar manner to 133 
the Raman spectrum depending upon the types of vibrations being observed.  134 
 135 
The Raman spectrum in the 800 to 1400 cm-1 spectral range is reported in Figure 2a.  The 136 
Raman spectral profile is complex with a series of overlapping   bands which may be curve 137 
resolved. Intense Raman bands are found at 989, 1003, 1025 and 1069 cm-1 with a shoulder at 138 
961 cm-1. As Ross rightly points out the spectra of borate minerals depends heavily on the 139 
possible anions in the mineral (Farmer 1974). The coordination polyhedron around the boron 140 
atom will be either a triangle or a tetrahedron (Bogomolov et al. 1969).  In the case of 141 
olshanskyite, the structure consists of linked triangles and tetrahedral (Callegari et al. 2001). 142 
Thus for olshanskyite the vibrational spectra of both structural units will be observed. The 143 
spectra of olshanskyite are complex in both the Raman and infrared spectra. This is caused by 144 
the observation of bands due to four different coordination polyhedra namely BO33-, B(OH)3, 145 
BO45-, and B(OH)4-.  The anionic group in the structure is a three-membered ring of boron-146 
oxygen tetrahedra [B3O3(OH)6]3-. Two independent calcium atoms occur in a distorted 147 
square-antiprism coordination with five oxygen atoms from the borate group and three 148 
hydroxyl or H2O groups external to the borate cluster. According to Callegari et al. (2001) 149 
olshanskyite must be classified as a neso-triborate, and its structure is based on finite borate 150 
clusters.  Thus, the bands at 961, 989, 1003, 1025 and 1069 cm-1 are attributed to BO 151 
stretching vibrations.  152 
 153 
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The infrared spectrum shows strong bands at 924, 965, 1002 and 1068 cm-1 which may be 154 
assigned to the BO stretching vibrations.  The infrared bands at 861 and 870 cm-1 may be 155 
assigned to the symmetric stretching modes of tetrahedral boron.  The Raman bands at 1141, 156 
1206 and 1365 cm-1 are assigned to OH in-plane bending (Farmer 1974).  Infrared bands are 157 
found at 1151 and 1210 cm-1 may be attributed to this vibrational mode.   158 
 159 
The Raman spectrum of olshanskyite in the 300 to 800 cm-1 and 100 to 300 cm-1 spectral 160 
range are illustrated in Figures 3a and 3b.   The first spectrum is dominated by a Raman band 161 
at 679 cm-1. An equivalent infrared band is observed at 675 cm-1 (Figure 2b).  Two shoulders 162 
are observed at 658 and 696 cm-1. This band is attributed to the bending mode of trigonal and 163 
tetrahedral boron.  A series of bands is observed at 303, 315, 322, 330, 335 and 345 cm-1. 164 
These bands are attributed to CaO stretching vibrations.  Low intensity Raman bands at 448, 165 
463, 516 and 579 cm-1 are observed.  Raman bands are found at 128, 142, 176, 188, 205, 234 166 
and 250 cm-1. These bands are simply described as lattice modes.  167 
 168 
The Raman spectrum of olshanskyite in the 2600 to 3800 cm-1 spectral range is reported in 169 
Figure 4a.  This spectral region is the region of the OH stretching vibrations.  The stretching 170 
vibrations of both water and hydroxyl units are observed.  The Raman spectrum is very 171 
complex and component bands may be resolved as shown in Figure 4a.  Raman bands are 172 
found at 2919, 3100, 3240, 3373, 3440, 3482, 3636 and 3621 cm-1. The observation of 173 
multiple OH stretching bands reflects the non-equivalence of the OH units in the structure of 174 
olshanskyite.  It is interesting that the formula according to Callegari et al. (2001), the 175 
formula contains both water and OH units.  The infrared spectrum in the 2600 to 3800 cm-1 is 176 
shown in Figure 4b. The complexity of the Raman spectrum is also reflected in the infrared 177 
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spectrum.  Band component analysis enables the identification of infrared bands at 3090, 178 
3234, 3377, 3440, 3486, 3528 and 3617 cm-1. 179 
Conclusions  180 
In this research, we have focussed on using vibrational spectroscopy to study aspects about 181 
the molecular structure of olshanskyite.  This mineral is an anhydrous borate of calcium. 182 
However, vibrational spectroscopy gives every indication that water is involved in the 183 
structure of olshanskyite.  Vibrational bands which are attributed to water stretching 184 
vibrations are observed in both the Raman and infrared spectra.  Multiple water bands are 185 
observed. Equally well multiple OH stretching vibrations are observed with Raman bands at 186 
3482, 3556 and 3621 cm-1 and infrared bands at 3486, 3528 and 3617 cm-1.  Multiple Raman 187 
and infrared bands are observed in the 800 to 1200 cm-1 spectral range.  Intense Raman bands 188 
are found at 989, 1003, 1025 and 1069 cm-1.  It is obvious that the molecular structure of 189 
olshanskyite is more complex than might be indicated by the crystal structure as determined 190 
using X-ray crystallography.   191 
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